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Shock absorbing hydraulic system for all-terrain 
load-carrying vehicle/ and all-terrain load-carrying 
vehicle including such a hydraulic system 

5 The present invention relates to a shock-absorbing 

hydraulic system for cushioning a structural part of an 
all-terrain load-carrying vehicle^ said hydraulic system 
including: 

a first, double-acting, hydraulic front cylinder and a 
10 first, double-acting, hydraulic rear cylinder^ each 

exhibiting a first end and a second end, said first 
hydraulic cylinders being connected in series by means 
of a first, series-connecting hydraulic conduit and 
being arranged on one side of the longitudinal axis of 
15 the load-carrying vehicle in a succession in the 

longitudinal direction of the load-carrying vehicle; 
and 

a second, double-acting, hydraulic front cylinder and 
a second, double-acting, hydraulic rear cylinder, each 

20 exhibiting a first end and a second end, said second 

hydraulic cylinders being connected in series by means 
of a second, series-connecting hydraulic conduit and 
being arranged on the other side of the longitudinal 
axis of the load-carrying vehicle in a succession in 

25 the longitudinal direction of the load-carrying 

vehicle, 

said hydraulic cylinders being arranged between the 
structural part and the chassis of the load-carrying 
vehicle - 

30 

The invention also relates to an all-terrain 
load-carrying vehicle including such a hydraulic system. 

In an all-terrain load-carrying vehicle which is operated 
35 in rough terrain, for example a forwarder transporting 
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round logs in forest terrain, there are structural parts 
which need to be cushioned. Examples of such structural 
parts are the operator's cabin of the vehicle and the 
load-carrying member of the vehicle. The task of the 
above-mentioned shock-absorbing system is to absorb 
shocks in a vertical direction and to suppress possible 
roll movements of the structural part in order to prevent 
excessive lateral movements of the structural part. As 
far as the operator's cabin of the vehicle is concerned, 
the cushioning is necessary in order to make the 
operator's cabin a tolerable working environment for the 
vehicle operator. As far as the load-carrying member is 
concerned, the cushioning is necessary in order to reduce 
the tipping tendency of the vehicle. 

One problem when cushioning a structural part of an 
all-terrain load-carrying vehicle is to design a 
shock-absorbing system which provides an efficient 
cushioning in all terrain conditions, while maintaining 
0 the stability of the shock-absorbing system, i.e. without 
the structural part assuming an excessive inclination 
when the vehicle is operated in rough terrain. The 
operator's cabin of a forwarder, for instance, tends to 
assume an inclination which is larger than the one of the 
5 chassis of the forwarder when the forwarder is operated 
in a steep rise or downward slope, or slantwise. 
Furthermore, the cushioning capacity of conventional 
shock-absorbing hydraulic systems deteriorates when the 
vehicle is operated in such terrain. 

0 

It is true that it is possible to supplement a 
shock-absorbing hydraulic system with mechanical 
anti-roll members which stabilize the hydraulic system in 
uneven terrain. Such anti-roll members, however, have the 
5 disadvantage that they restrict the ability of the 
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hydraulic system to cushion the two sides of the 
structural part independent of each other. Furthermore, 
such mechanical anti-roll members are bulky and heavy, 
which makes the centre of gravity of the load-carrying 
5 vehicle higher. 

Trials have been performed with computer controlled 
hydraulic wheel suspensions, which are intended to ensure 
that the chassis of the all-terrain load-carrying vehicle 
10 is maintained horizontally while the wheel set or bogie 
is positively controlled. It has been found, however, 
that such positively controlled systems are slow and that 
they function in an unsatisfying way also at moderate 
vehicle speeds. 

15 

Accordingly, the object of the present invention is to 
provide a new shock-absorbing hydraulic system for 
cushioning a structural part of an all-terrain 
load-carrying vehicle, wherein said hydraulic system is 
20 simple' and stable in rough terrain and which, in 

addition, exhibits excellent spring action in a vertical 
direction and excellent anti-roll capacity when the 
vehicle is operated in such terrain. 

25 The hydraulic system and the all-terrain load-carrying 
vehicle according to the invention are characterised in 
that the first end of the first, hydraulic front cylinder 
is connected to the second end of the second, hydraulic 
rear cylinder by means of a first, diagonal hydraulic 

30 conduit, and in that the second end of the first, 

hydraulic rear cylinder is connected to the first end of 
the second, hydraulic front cylinder by means of a 
second, diagonal hydraulic conduit. 
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As used herein, "the first end of one hydraulic cylinder 
being connected to the second end of the other hydraulic 
cylinder" means that the piston end of one hydraulic 
cylinder is in hydraulic connection with the rod end of 
5 the other hydraulic cylinder, or vice versa. 

In the following, the invention will be described closer 
with reference to the drawings . 

10 Figure 1 is a schematic representation of a first 
embodiment of a hydraulic system according to the 
invention. 

Figure 2 is a schematic representation of a second 
15 embodiment of a hydraulic system according to the 
invention. 

The hydraulic system in Figure 1 includes four 
double-acting hydraulic cylinders 1, 2, 3, 4, which are 

20 arranged between a chassis (not shown) and an operator's 
cabin (not shown) of a forwarder (not shown) in order to 
cushion the operator's cabin when the forwarder is 
operated in rough terrain. At its piston end 5, each 
hydraulic cylinder 1, 2, 3, 4 is attached to the chassis, 

25 and at its rod end 6 to the operator's cabin. At its 

piston end 5, each hydraulic cylinder 1, 2, 3, 4 has a 
first, lower hydraulic chamber 7 and at its rod end, a 
second, upper hydraulic chamber 8. The hydraulic chambers 
7, 8 are separated by a hydraulic piston 9. The hydraulic 

30 piston 9 is attached to a piston rod 10, which in its 
turn is attached to the operator's cabin- The 
above-mentioned cushioning is obtained by means of 
bringing hydraulic fluid to flow into and out of the 
hydraulic chambers 7, 8 of the hydraulic cylinders 

35 1, 2, 3, 4. 
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The hydraulic cylinders 1 and 2, which in the following 
will be denoted the first, or right-hand, hydraulic front 
cylinder 1 and the first, or right-hand, hydraulic rear 
5 cylinder 2, respectively, are arranged on the right-hand 
side of the longitudinal axis of the forwarder. In the 
longitudinal direction of the forwarder, the right-hand, 
hydraulic front cylinder 1 is arranged ahead of the 
right-hand, hydraulic rear cylinder 2. The hydraulic 

10 cylinders 3 and 4, which in the following will be denoted 
the second, or left-hand, hydraulic front cylinder 3 and 
the second, or left-hand, hydraulic rear cylinder 4, 
respectively, are arranged on the left-hand side of the 
longitudinal axis of the forwarder. In the longitudinal 

15 direction of the forwarder, the left-hand, hydraulic 
front cylinder 3 is arranged ahead of the left-hand, 
hydraulic rear cylinder 4. In the transversal direction 
of the forwarder, the hydraulic front cylinders 1, 3 
preferably are placed opposite each other, as is also the 

20 case with the rear cylinders 2, 4. 

The right-hand hydraulic cylinders 1 and 2 are connected 
in series with each other by means of a first, 
right-hand, series-connecting hydraulic conduit 11, which 

25 connects the upper hydraulic chamber 8 of the right-hand, 
hydraulic front cylinder 1 to the lower hydraulic chamber 
7 of the right-hand, hydraulic rear cylinder 2. 
Furthermore, the right-hand, hydraulic front cylinder 1 
is connected to a first storage tank 12 by means of a 

30 right-hand, connecting hydraulic conduit 13, which 
connects to the lower hydraulic chamber 7 of the 
right-hand, hydraulic front cylinder 1. In the same way, 
the left-hand hydraulic cylinders 3 and 4 are connected 
in series with each other by means of a second, 

35 left-hand, series-connecting hydraulic conduit 14 which 
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connects the upper hydraulic chamber 8 of the left-hand, 
hydraulic front cylinder 3 to the lower hydraulic chamber 
7 of the left-hand, hydraulic rear cylinder 4 . The 
left-hand, hydraulic front cylinder 3 is connected to a 
5 second storage tank 15 by means of a left-hand, 

connecting hydraulic conduit 16 which connects to the 
lower hydraulic chamber 7 of the left-hand, hydraulic 
front cylinder 3. 

10 The right-hand, hydraulic front cylinder 1 is connected 

to the left-hand, hydraulic rear cylinder 4 by means of a 
first, diagonal hydraulic conduit 17, which connects the 
lower hydraulic chamber 7 of the right-hand, hydraulic 
front cylinder 1 to the upper hydraulic chamber 8 of the 

15 left-hand, hydraulic rear cylinder 4. In the same way, 

the right-hand, hydraulic rear cylinder 2 is connected to 
the left-hand, hydraulic front cylinder 3 by means of a 
second, diagonal hydraulic conduit 18, which connects the 
upper hydraulic chamber 8 of the right-hand, hydraulic 

20 rear cylinder 2 to the lower hydraulic chamber 7 of the 
left-hand, hydraulic front cylinder 3. In other words, 
the piston end 5 of the right-hand, hydraulic front 
cylinder 1 is connected to the rod end 6 of the 
left-hand, hydraulic rear cylinder 4, and the rod end 6 

25 of the right-hand, hydraulic rear cylinder 2 is connected 
to the piston end 5 of the left-hand, hydraulic front 
cylinder 3. 

By means of connecting the right-hand hydraulic cylinders 
30 1 and 2 to the left-hand hydj^aulic cylinders 3 and 4 in 
the above-described fashion, a shock-absorbing system 
which is stable and efficient also when the forwarder is 
operated in rough terrain is obtained. If, for example, 
the forwarder is operated in a left-hand downhill slope, 
35 in which case the right-hand, hydraulic front cylinder 1 
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is loaded more than the remaining hydraulic cylinders 
2f 3, 4^ the diagonal hydraulic conduits 17 and 18 allow 
a force exchange carried by hydraulic fluid between the 
right-hand, hydraulic front cylinder 1 and the left-hand, 
5 hydraulic rear cylinder 4, which ensures that the 

left-hand, hydraulic rear cylinder 4 does not raise- In 
this way, it is avoided that the operator's cabin, as a 
result of the slope of the hill, assumes an excessive 
inclination to the right. At the same time as an 

10 excessive inclination of the operator's cabin is 

prevented, the right-hand and left-hand side of the 
operator's cabin are allowed to spring substantially 
independent of each other by means of letting hydraulic 
fluid flow out of and into the storage tanks 12 and 15 • 

15 Throttle valves 19, 20 at the storage tanks 12, 15 

restrain the flow of hydraulic oil between the first 
storage tank 12 and the hydraulic cylinders 1 and 2, and 
between the second storage tank 15 and the hydraulic 
cylinders 3 and 4, respectively, and ensure that an 

20 appropriate quantity of hydraulic fluid can be exchanged 
between the storage tanks 12, 15 and the hydraulic 
cylinders 1, 2, 3, 4 in order to maintain the vertical 
spring action of the hydraulic system and suppress 
rolling in the transversal direction of the forwarder. 

25 

Preferably, the diagonal hydraulic conduits 17, 18 
include non-return throttle valves 21, 22, which restrain 
the flow of hydraulic fluid from hydraulic cylinder 2 to 
hydraulic cylinder 3 and from hydraulic cylinder 4 to 
30 hydraulic cylinder 1, respectively, something which 
increases the stability of the hydraulic system. 

In spite of the fact that pitching in the longitudinal 
direction of the forwarder is a smaller problem than 
35 rolling in its transversal direction, since the forwarder 
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is longer than it is wide^ the hydraulic system 
preferably also includes members for suppressing pitching 
in the longitudinal direction of the forwarder. Figure 2 
illustrates such a hydraulic system. In addition to the 
5 components described in connection with Figure 1^ the 

hydraulic system includes a third storage tank 23, which 
.via a throttle valve 24 is connected to the right-hand, 
series-connecting hydraulic conduit 11, as well as a 
fourth storage tank 25, which via a throttle valve 26 is 

10 connected to the left-hand, series-connecting hydraulic 
conduit 14. Preferably, the hydraulic fluid in the 
storage tanks 23 and 25 is pressurized so that the 
pressure therein exceeds the static pressure which is 
produced when driving in sloping terrain, whereby 

15 pitching in the longitudinal direction of the forwarder 
is suppressed while maintaining the stability of the 
hydraulic system in the longitudinal direction of the 
forwarder, i.e. without obtaining an excessive 
inclination of the operator's cabin in the longitudinal 

20 direction of the forwarder. 

In the foregoing, the invention has been described 
starting from two different embodiments. It will be 
understood, however, that the principle of the invention 

25 can be applied to variants of these embodiments. The 

above-mentioned first and second storage tanks 12 and 15, 
for example, can be connected to the rear cylinders 2 and 
4 instead of the front cylinders. Alternatively, the 
hydraulic cylinders on each side of the longitudinal axis 

30 of the vehicle can be connected to more than one storage 
tank. Furthermore, it will be understood that the 
principle of the invention encompasses embodiments where 
the structural part is suspended by three or more 
hydraulic cylinders connected in series and arranged on 

35 each side of the longitudinal axis of the vehicle. 
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Furthermore^ it will be understood that other valve 
arrangements than those described above can be utilised 
without departing from the principle of the invention. 

5 In the foregoing, structural parts in the form of the 
operator's cabin and the load-carrying member of the 
load-carrying vehicle have been mentioned. However, it 
will be understood that the invention also is applicable 
to other structural parts which are in need of 
10 cushioning. It also will be understood that the invention 
is applicable to other all-terrain vehicles than 
forwarders . 
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